INTRODUCTION
In the years immediately following the identification of mutations associated with increased risk of breast and/or ovarian cancer, clear evidence of survival benefits resulting from genetic testing was lacking. 1 Making the decision to undergo mutation analysis was then not clear-cut, and the appropriate clinical approach was to allow at-risk patients to weigh up the potential benefits and risks of genetic testing in their situation and to encourage them to make their own testing decisions. 1 However, research demonstrating the potential positive impact of genetic testing for breast and/or ovarian cancer-related mutations is mounting. 2, 3 Testing for the presence of BRCA1 and BRCA2 mutations can be beneficial for individuals diagnosed with cancer, as well as those currently unaffected by cancer. For newly diagnosed breast cancer patients, for example, identification of a BRCA1 and/or BRCA2 mutation may improve prognosis by allowing tailoring of their surgical, radiotherapy, and chemotherapeutic treatment to their mutation status. 2 Genetic testing also allows more accurate prognostic information to be provided to both breast 4 and ovarian 5 cancer patients identified as BRCA1 and/ or BRCA2 mutation carriers, as well as those found to be noncarriers. 6 For unaffected female mutation carriers, the striking effect of risk reducing salpingo-oophorectomy on all-cause, breast cancer-specific, and ovarian cancer-specific mortality can no longer be ignored. 7 In addition, the evidence of the benefit of breast cancer screening with magnetic resonance imaging is now also clearer. 6, 8 There is growing evidence of the significant reduction of breast cancer incidence from risk-reducing mastectomy 9,10 as well as evidence for medical prevention. 11 Although there has been some debate regarding cancer risk in unaffected noncarriers of a BRCA1 and/or BRCA2 mutation, 12 recent studies suggest that individuals identified as noncarriers can be reassured that their breast/ovarian cancer risk is similar to that of the general population.
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Purpose: The Kathleen Cuningham Foundation Consortium for Research into Familial Aspects of Breast Cancer (kConFab) is a large-scale research study that notifies participants when new, personally relevant, information is discovered. In 2009, the (kConFab) instituted an intensive notification process to ensure at-risk individuals were effectively notified. This study (i) evaluated the impact of intensive notification on genetic testing uptake; (ii) identified those most likely to undergo testing postnotification; and (iii) identified those most likely to acknowledge that they had been notified.
Methods:
Clinical/demographic data were retrieved from the (kConFab) database. Logistic regression analyses were conducted to identify potential predictors of testing uptake and notification acknowledgment using IBM SPSS.
Results:
A total of 155 of 1,812 individuals underwent testing after standard notification (8.6%). In comparison, 23/291 individuals (7.9%) notified using the "intensive" approach underwent testing (χ 2 = 0.14; P = 0.71). After controlling for notification process, females and participants with a previous cancer were most likely to have undergone testing (P < 0.006). Older individuals (50+ years) were most likely to acknowledge they had been notified (P = 0.038).
Conclusion:
Increasing the intensity of participant follow-up did not increase genetic testing uptake. The challenge to effectively notify participants, and increase the proportion whose risk is managed clinically, remains, particularly for males and individuals unaffected by cancer.
Given this, the clinical mandate in genetics is changing to one of more proactive encouragement of the uptake of genetic testing in at-risk individuals. 2, 5 In fact, although tools to assist individuals in choosing whether or not to undergo genetic testing were previously much needed, 14 tools to assist individuals in making decisions regarding how to manage their risk after genetic testing are now becoming more widely adopted. 15 However, despite the building data supporting its benefits, uptake of genetic testing by at-risk individuals in the general community remains erratic at best. 16, 17 Despite concerted efforts in the research and clinical communities to understand and address barriers to the uptake of genetic counseling and testing by individuals identified to be at increased risk, 18, 19 efforts to increase uptake have generally resulted in little change. This is particularly problematic in the context of large-scale research projects in which genetic information about research participants can become available over time.
One such project is the Kathleen Cuningham Foundation Consortium for Research into Familial Aspects of Breast Cancer (kConFab), which is a research study that recruits individuals with a strong family history of breast and/or ovarian cancer. The broad aim of the consortium is to make data and biospecimens available to researchers for use in peer-reviewed, ethically approved, funded research projects on familial aspects of breast cancer. kConFab began enrolling families with a strong history of breast and/or ovarian cancer in 1997 and as of February 2012, it stores genetic, epidemiological, medical, and psychosocial data collected from 1,482 multigenerational multicase kindreds in a central relational database. Biospecimens collected from family members are used to characterize germ-line mutations in predisposing genes such as BRCA1, BRCA2, ATM, and CHEK2, and to assist in the identification of new breast cancer genes in "BRCAX" families (patients where a known causative gene mutation has not yet been identified).
When consented to the project, kConFab participants are given the option on their consent form to be notified about genetic information that may be of clinical significance to themselves and their family. Every 6 months, the kConFab administration generates a list of families on whom there is new, clinically relevant, research mutation test results, and sends a letter to each individual notifying them that (i) a gene fault of clinical significance (i.e., a mutation) has been found in their family; (ii) this mutation causes an increased risk of cancer; and (iii) that the recipient of the letter may or may not have this gene mutation. No individual test results are provided in the letter. Instead, the letter encourages the recipient to contact a family cancer clinic to discuss this information and provides a list of contact details for all genetic clinics in Australia and New Zealand. The head clinician at each recruiting family cancer clinic has the opportunity to direct kConFab not to send letters to individuals who have already received their result in a clinic setting or to those who the clinic is aware is not at risk of the family mutation (e.g., when the parent of the participant has recently tested negative for carrying the mutation).
In January 2009, kConFab instituted a more intensive mutation notification process to ensure kConFab was fulfilling its obligation to notify at-risk individuals to the best of its ability. The new process involved asking letter recipients to acknowledge their receipt of the letter by returning an "acknowledgment slip" in an enclosed reply-paid envelope. After 8-10 weeks, if kConFab did not receive the acknowledgment slip, a research nurse telephoned participants to ensure they received the letter, re-sent the letter if necessary, and encouraged the individual to return his or her acknowledgment slip. This process is summarized in Figure 1 .
This change in protocol was undertaken to increase the number of kConFab participants who are adequately informed when new genetic information becomes available through the research studies. This study had five aims: (i) to measure the proportion of individuals participating in kConFab who had already attended a family cancer clinic for genetic testing before they were informed about the genetic information identified by the research study (these individuals would have been offered testing on the basis of clinical, rather than research, information); (ii) to evaluate the impact of introducing a more intensive mutation notification process on the uptake of genetic testing in atrisk individuals (that is, to compare the "letter only" group with the "letter plus acknowledgment slip plus telephone contact" group); (iii) to identify those individuals who are most (and least) likely to attend a family cancer clinic service and undergo genetic testing after they have been informed about newly available genetic information through their participation in a research study; (iv) to identify those individuals who are most (and least) likely to respond to a request to return an acknowledgment slip to acknowledge that they have been informed about the newly available genetic information; and (v) to report the follow-up status of those who do not respond to this request.
MATERIALS AND METHODS
kConFab recruits multicase breast and/or ovarian cancer families in Australia (more details regarding eligibility criteria and family characteristics can be found in Mann et al. 20 and at http://www. kconfab.org). The average number of family members who have a strong family history of breast and/or ovarian cancer per family in kConFab is 46 people per pedigree (median = 38). Including the individuals without a strong family history, the average number of family members per family is 63 (median = 48). Ethical approval for the study was obtained from all recruiting family cancer clinic sites in Australia and New Zealand and all kConFab participants provided individual informed consent. Study participants included all those individuals who (i) consented to participate in the kConFab research program, (ii) consented to be notified when new genetic information of potential clinical significance was identified (the majority of kConFab participants consent to be notified, with the most recent figures indicating that 12,718 of 13,732 (92.6%) participants have consented), and (iii) were sent a mutation notification letter by kConFab.
Data analysis
All responses and follow-up for mail-outs to participants were stored in a Microsoft SQL Server database (used to store and Improving mutation notification | WAKEFIELD et al ORIGINAL RESEARCH ARTICLE retrieve information from multiple databases) and were linked to the main kConFab study database to obtain patient characteristics such as mutation status, ethnicity, education, previous cancer history, and family relationships (specifically, whether or not the participant had a daughter). Data sets were extracted using Microsoft Access to query and link to the main dataset. Microsoft Excel was used to calculate descriptive statistics. To identify potential predictors of genetic testing uptake and response to kConFab's request to return the acknowledgment slip, a series of logistic regression analyses were run using IBM SPSS Statistics, version 19. The variable "age" was converted into three categories to improve clinical relevance and ease of interpretation (Group 0 = 0-29 years, Group 1 = 30-49 years, and Group 2 = 50+ years). Predictor variables with P ≤ 0.10, when analyzed bivariately, were included in multivariate analyses, and a progressive, backward elimination modeling strategy was employed until a final model was obtained containing only variables with P < 0.05. Interaction terms were entered into the final models separately, with their corresponding main effects.
RESULTS

Sample characteristics
No statistically significant differences in age, gender, or education levels were observed when comparing the characteristics of the study participants (i.e., those who received a mutation notification letter) relative to the entire kConFab Table 1 for their characteristics). A further 348 individuals were not sent a mutation notification letter on the basis of clinical advice from their family cancer clinic (either because they had very recently been to clinic and receipt of the mutation notification letter would be confusing, or because, in the clinical opinion of staff, they were unlikely to cope with the information contained in the letter at the current time (e.g., there had been a recent bereavement in the family or there were significant distress or mental health concerns)). Of these, 16/378 (4.6%) underwent genetic testing through their clinic during the study period. This left a sample of 2,103 individuals who were mailed a mutation notification letter because the research group had no way of knowing whether they had attended a clinic previously. Of the 2,103 individuals, 1,289 (61.3%) had at-risk daughters.
Impact of the intensive mutation notification process
Of the 2,103 notified participants, 1,812 were notified by "letter only, " whereas 291 were notified using the more intensive process (letter plus acknowledgment slip plus telephone call). Of note, 155/1,812 (8.6%) individuals underwent mutation testing after notification using the "letter only" approach. In comparison, 23/291 individuals (7.9%) notified using the "intensive" approach underwent mutation testing. This difference was not statistically significant (χ 2 = 0.14; P = 0.71). A series of logistic regression analyses was performed to determine the relative contribution of the following factors to the participants' decisions to undergo genetic testing: age, gender, education, Education and ethnicity data are only available for 2,375 and 2,383 participants in the study sample, respectively, and 13,130 and 13,224 participants in the entire kConFab cohort, respectively. c Affected with breast or ovarian cancer, verified by a pathology report or hospital record.
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previous cancer history ("no"/"yes, diagnosed prior to participation in kConFab" and "yes, diagnosed after their participation in kConFab"), and presence of daughters ("yes"/"no").
After controlling for group (i.e., participants' notification process), gender and cancer history predicted whether participants underwent genetic testing. Females were 1.67 times more likely to have undergone genetic testing than males (P = 0.005). Individuals who had previously been diagnosed with cancer either before or after their recruitment into kConFab were more likely to undergo genetic testing (in comparison with participants with no previous cancer history, participants diagnosed with cancer before they were recruited into kConFab were 2.9 times more likely to have been tested (P < 0.001), whereas participants diagnosed with cancer after they were recruited into kConFab were 3.2 times more likely to be tested (P = 0.002)).
Predictors of response to request to acknowledge receipt of the letter
In total, 112/291 participants (38.5%) in the "intensive notification group" returned their acknowledgment slip within 10 weeks of receiving it. Table 2 presents a summary of the characteristics of those who did, and did not, return the acknowledgment slip. A series of logistic regression analyses were performed to determine the relative contribution of these factors to participants' responses to kConFab's request to return the acknowledgment slip: age, gender, education, previous cancer history ("no"/"yes, diagnosed prior to participation in kConFab" and "yes, diagnosed with cancer after their participation in kConFab") and presence of daughters ("yes"/"no").
Age and gender appeared to predict participants' response to kConFab's request to return the acknowledgment slip. Specifically, individuals in the older age category (i.e., those over 50) were 2.3 times more likely to return the acknowledgment slip than individuals in the youngest group (0-29 year olds) (P = 0.038). With regard to gender, females appeared to be more likely to return their acknowledgment slip than males. This effect was not significant (females were 1.6 times more likely to respond than males, having allowed for age (P = 0.067)).
Follow-up status of nonresponders to request to return acknowledgment slip
The kConFab research nurse was able to contact the large majority of nonresponders by telephone, with only 14/179 nonresponders (7.8%) being unable to be contacted by kConFab and lost to their immediate family members. The research nurse left a telephone message (but did not speak to) a further 7 nonresponders (3.9%). Of the 158 nonresponders (88.3%) who the research nurse was able to speak with, 65/158 (41.1%) had received the letter but did not return the acknowledgment slip, 42/158 (26.6%) reported that they had not received the letter (despite it being sent to the correct address), and 51/158 (32.3%) requested that the research nurse re-send a new copy of the letter. Of the 51 requests for the letter to be re-sent, the majority of acknowledgment slips were not then returned (44/51, 86.3%).
DISCUSSION
The challenge to effectively notify individuals about new genetic information discovered in research studies, and to increase the proportion whose risk is managed clinically, remains. This study demonstrated that an intensive follow-up process (involving requesting acknowledgment of receipt of the letter and follow-up phone calls), was unable to increase the uptake of genetic testing as compared with the distribution of a single notification letter. Our data do not support the intensive followup strategy. However, confirmatory studies are needed before recommending against it.
The proportion of individuals who participated in this research study and concurrently sought clinical genetic testing (~36%) was in line with mutation spreading (i.e., the extension of mutation testing across family members) achieved in the clinical setting (typically between 20 and 40%). 16, 17 Although some may argue that the responsibility for promoting mutation Table 2 Summary of characteristics of 291 participants who were notified using the "intensive" mutation notification process (divided by those who returned the acknowledgment slip within 10 weeks after they received the first letter (i.e., responders) and those who did not return the slip (nonresponders)) "Responders" n = 112 "Nonresponders" n = 179
Mean age (SD, range) 51 (15, 19- 21 by showing that females and those with a previous cancer diagnosis were most likely to undergo genetic testing. These individuals are likely to have been managed appropriately in the clinic setting. It is concerning that those in the highest risk age category (ages 30-49) did not appear to be more likely to be tested than their younger, or older, counterparts. Also, our new, intensive, notification strategy was unable to encourage more participants to attend clinic (the standard notification rate was 8%, whereas intensive notification resulted <8% clinic attendance). Of all the predictors tested, our analyses revealed that only age was a clear predictor of whether participants were likely to acknowledge that they had received kConFab's notification (with older participants more likely to return their acknowledgment slip).
The actual number of at-risk individuals is large. In this study, 764 research participants known by kConFab to be mutation carriers (many of whom also have at-risk offspring) did not attend a clinic for advice regarding risk management and/or preventive strategies. A proportion of these individuals may have made an informed decision to not attend clinic, however, others may be unaware of their risk and/or the services available at family cancer clinics. This is unsatisfactory given the mounting evidence that their risk could be reduced by preventative surgical 7,9,10 and screening 8 regimens. There is clearly more in-depth research needed to investigate the proportion of at-risk individuals making informed, vs. less informed, choices regarding their risk management options. There were also a large number of individuals who could have been reassured that they, and their offspring, were not carriers, and therefore not at increased risk. 6 These individuals are likely to be aware of their family history (given their participation in kConFab) and may be concerned about their risk status. These individuals may be more distressed than those who are informed that they do, or do not, carry their family mutation, 22 although recent research suggests that this is not necessarily the case. 23 These individuals may also be paying higher than necessary life insurance premiums if these have been calculated on the basis of their family history alone. 24 This study was unable to elucidate the reasons why the majority of at-risk individuals do not undergo genetic testing when notified about their risk. Clearly, barriers to mutation spreading are substantial. Some barriers are probably similar across research studies and clinics, whereas others are unique. Similar barriers in the two settings may include lack of effective communication between researchers/clinicians and the at-risk individual (possibly amplified by lack of genetic literacy) and lack of communication within families, among others. Barriers unique to the research environment may include the potentially increased distance between the proband and the proband's relatives when recruited via a research study and the delay between agreeing to participate in a research study and genetic information becoming available.
Researcher/clinician-patient communication is vital. It is possible that mutation notification letter recipients do not comprehend the importance of their letter, or do not understand the relevance to their situation. We reported this as a contributing factor in a recent qualitative study including a small number of kConFab participants. 25 These findings are also echoed in international research. 26 Poor health literacy, and poor genetic literacy specifically, is an important problem. 27 In one recent study, 30% of Australians with a university degree had poor health literacy, and the results for Australians without tertiary education were, not surprisingly, worse. 28 Individuals with poor health literacy have more difficulties understanding and remembering health information, 27 and find the complex information surrounding cancer 29 and genetics 30 particularly daunting. Genetic literacy is likely to improve over time as genetics education receives greater prominence school curriculums worldwide. 31 However, low genetic literacy is likely to remain a barrier in older populations. Strategies to target low genetic literacy may involve screening to identify individuals with low genetic literacy early, 30 as well as provision of low-literacy educational materials to those in need. 32, 33 Family communication barriers are also likely to limit mutation spreading within families in the clinic 34 and research environment. 35 If these barriers were identified and addressed early, family members could serve as advocates for each other's health and improve genetic testing uptake in disinclined family members. Improving family communication is challenging, but work in this area is promising. 36 It may be possible to identify, and address, unmet family communication needs to better support intra-family communication. 37 Cancer risk communication tools and decision support tools may also play an important role in this process. 37 In terms of barriers unique to the genetics research environment, the average number of members of each family recruited to research studies is high. The greater the distance between the proband and other family members, the less likely mutation spreading within the family will occur. 38 Most probands are likely to communicate their family's genetic information to first-and possibly second-degree relatives but are unlikely to communicate with more distant relatives. 38 Also unique to the research environment is the potential time lag between joining a research study and the discovery of new, personally relevant genetic information (which can be several years). During that interval, it is likely that individuals are faced with other competing priorities, such as family and work commitments, lessening the perceived importance of the new genetic information when it becomes available. This hypothesis is supported by evidence that women with small children are less likely to undergo genetic testing than women with older children.
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Limitations
We were unable to assess actual clinic attendance, so we used mutation testing results reported to kConFab as a proxy. This means some people who attended a clinic but chose not to be tested may have been missed. However, this number is likely low given that the vast majority of Australian clinic attendees undergo testing (>95%). 39 The final participant lists used in this study were also cross-checked by a research nurse in each participating family cancer clinic to minimize missing data. There may be a significant time lag between when individuals become aware of their risk and when they attend clinic, with atrisk individuals commonly not attending clinic until there is a trigger (e.g., new family diagnoses/deaths and other significant events such as starting a family). 40 These triggers may, however, present too late to prevent adverse outcomes for some. It was also not possible to ascertain what proportion of nonresponsive at-risk individuals are well-informed (and making an active decision not to undergo testing) as compared with the proportion who may be making an ill-informed decision about their risk and its management.
The generalizability of the study to the clinical setting is limited by the degree of separation of individuals from the proband attending clinic and the fact that a significant proportion of kConFab participants do not attend a clinic and therefore have not had genetic counseling. However, the fact that genetic testing uptake rates of participants diagnosed with cancer before participating in kConFab was similar to the uptake rates of participants diagnosed with cancer after joining the study makes selection bias less likely.
In conclusion, further qualitative and quantitative work investigating reasons for nonattendance at family cancer clinics, and nonresponse when individuals have been notified about new, relevant genetic information is urgently needed. Innovative strategies to target individuals who are difficult to reach (including males, older individuals, and those who have never received a cancer diagnosis) need to be developed and assessed, and their impact reported widely. The ethical implications of this study are also important, and they highlight issues for further discussion in the genetics community. A key ethical question remains unanswered: "If research studies are obliged to notify participants when new genetic information becomes available, to what lengths should they go to meet these obligations?" This question also raises important financial and logistical considerations regarding how many resources research studies should (and can) use to notify their at-risk research participants.
